or 10.0 mm demountable quartz cell (Hellma GmbH, Germany). The UV sample prepared by growth of the silica nanoshell in situ inside of the cuvettes which means the hybrids were moved to the cuvettes immediately after the addition of silica precursor and stored for 24 hours before measurement.
Fluorescence spectroscopy. Fluorescence spectra were taken on a fluorescence spectrometer (JASCO FP 6500) in quartz cells (Hellma GmbH, Germany) with the path length of 0.2 mm, 1.0 mm, or 10.0 mm. The fluorometer came with built-in light-source (Xe-lamp UXL-159, 150W), two grating-monochromators with variable slit-width and detector. The photobleaching experiments were conducted at a wavelength of 500 nm (slit width = 10 nm).
Cryogenic transmission electron microscopy (Cryo-TEM). Droplets of the solution (5 μL) were applied to carbon film (1 μm hole diameter) covered 200 mesh grids (R1/4 batch of Quantifoil Micro Tools GmbH, Jena, Germany), which had been hydrophilized before use by plasma process. Supernatant fluid was removed by Vitrobot Mark Ⅳ (FEI company, Eindhoven, Netherlands) until an ultrathin layer of the sample solution was obtained spanning the holes of the carbon film. The samples were immediately vitrified by propelling the grids into liquid ethane at its freezing point (90 K). Frozen samples were transferred into a JEOL JEM2100 (JEOL, Eching, Germany) using a Gatan 914 high-tilt cryo-transfer holder and Gatan work station (Gatan, Munuch, Germany). Microscopy was carried out at a 94 K sample temperature using the microscope's low-dose protocol at an accelerating voltage of 200 kV (LaB6-illumination). The defocus was chosen to be approx 2 μm to create sufficient phase contrast for imaging. Image analysis was performed with Image J software 1 . The quantum yield of the test sample is calculated using:
High Resolution Transmission Electron Microscopy (HR-TEM
Where the subscripts ST and X denote standard and test respectively, Q is the fluorescence quantum yield, I is the integrated fluorescence intensity, η is the refractive index, and OD is the optical density. In this work, a series of solutions were prepared with optical densities between 0.1 and 0.01, and a more accurate method was used to determine Q by the following formula:
where Grad is the gradient obtained from the plot of integrated fluorescence intensity I versus the absorbance. Fluorescein in 0.1 M NaOH solution (Q = 95%) 2 Rhodamine B (Q = 31%) 3 was used as a standard sample for J-aggregate. All the fluorescence spectra were recorded with constant slit widths. The obtained quantum yields of J-aggregate with and without silica shell were 8%, and 6%, respectively. 
